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BRIDGE FOR THE HUDSON.

B mB xioAJin rArona j. a,ioo-roo- r

H 1 8PAX SVSPXXSIOX JiniDOB,

H If X Ma TTorUed Ontla Detail nadBnbsalttea
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B K i - d fcjr tha Heeretary of TTar Dselaree
K ill.' TTonld Meat Every Possible Demand aail

BS I Ba Absolutely Hal, and Conld Ba Unlit
B ' I fbr saS,CMH,00O-- A Cantilever Bridget

BS , r with 8,000 Feet rtpaa aad n nr la lha
BM Centre orthe Jtlver, "Would II Hal aad
B , rraettcabln nnd TTonld Cost Aboat (at?

M OOO.OOO-- A 0,100-rb- ot Hpaa Cantilever
R lom Hhore to fJhora Could Ba BnlU
m I aad Would Be Haft, bat la Insprae.
1 ' tleable oa Aceonat of tha Orat Coat

BM f W'AsnisoTox, Sept. J. The report of the New

B York and New Jersey Hrldge Hoard to Secre- -

B ' tary I.amont was made public It la aa
followalB i.l Nr.w YoniC. Aug. 23. 1804.

BM 'j Itm tton. DanM B. Lamotit, BeertUnt t War, WotS- -

tnglon, I). C.

j Hm: The Hoard of nridge Engineers appointedi' j liy tho President under the act of Congress, ap--
proved June 7, 1804, authoring the New York

j j ohd New Jersey Hridgo Companies to construct
B , 8 n brldgo across the Hudson lllvcr, met at the
BJ I Army building, New York city, Monday, June

, J
B J Your Hoard began tho examination of the
Bs ' nuestlon submitted to them and gave It careful
H (

I nnd continuous consideration up to tho present
BJ time. Tliey havo held twenty-nin- e regular
B J meetings.

BJ I The duties of your Hoard as prescribed by the
BJ act are to "recommend what length of span, not

, less than two thousand feet, would be safo and
, practicable for a railroad bridge to le construct- -

! (
I . ed over said river." Tho net provides that this

M J . . bridge "shall not be located below Fifty-nint- h

i r I ,"" street. New York city, nor nbovo Hlxty-nlnt- u

j i S f , street. New York city." Your Hoard, therefore.
understand their duties to bo to recommend

' iLfHJ what length of span, not less than two thousand
BJ I ' feet, would bo safe and practicable for a rail- -

BJ road brtdgo to be constructed over the Hudson

BJ 1 liver between Fifty-nint- h and Blxty-nlnt- h

BJ istreets In the city of New York.
BJ It In making comparative estimates, your Tloard

selected a location midway between Flf
fr'-- nud Sixtieth streets, but tho differences between(j. j, this location and one further north within the

j j limits of tho act has been considered ao far as It
BJ j - affects tho general conclusions.
BJ . The minimum length of span which may be

BJ ', " . considered Is a.000 feet, which your Hoard has
BJ ', Interpreted as meaning 3,000 feet In the clear.
BJ i The maximum length of span would ben clear
BJ ! j r . between the pier head lines, this distance
Bj 1 I ,, varying fr" .1,130 feet at Fifty-nint- h street to
BJ I f'V JI.0H0 feet at Hlxty-nlnt- h street.
BJ !, . Tho objections which havo been raised to a
BJ ' Her in tho river apply with equal force to any
BJ i j , pier located between tha end of a 3,000 feet
BJ l j, ;nii, .span and the pier headline, the pier being ob- -

BJ ij I "" '" Jf-'te- to as Interfering with the use of the
sLY i jI'''' river for harbor purposes rather than for
LB I' 1 I'' ' trauEh navigation. The plan submitted to
BJ (V .

"' fiurlloanl have located the 3.000-fo- span in
BJ f li ikCuordance with tho requirements of the New

BJ IS'.tr.' York charter, next to tho New York pier head- -

i""' "uc-- thus P'B tlio west pier about 1,000 feet

V''' from the New Jersey pier headline. If the span

S.T" '' iucrcosed beyond 2,000 feet any Injury
it tiV ' l'(,ns t,' harbor by obstructing the
1.1 W approach to piers on the New Jersey

, B . shore would bo greater than any benefit
'j i ' gained by Increased width of channel span.

1 M Your Hoard has considered that navlga
.i W ' , tlon would not bo benefited by making a span
J pi '

of greater length than 2.000 feet, unless such
li span could reach from pier headline to pier

I eV-'- ' headline. They have therefore confined their
V tt examination to a span of 2,000 feet In the clear,

1' as compared with such slnglo plan. It must lie
u!1.' i ' noted, lmwever, that the pier headlines are artl- -JBJ p tly fldal and are subject to change under existing

i IV- -' laws. The width between pier headlines at this
: j r.' loosilon Is abont 400 feet greater than at iv point

I,' two miles below. A small encroachment Iwyond
V I tW these pierheads could be permitted without es- -

i 'l rl? sentlal harm; it would obstruct navigation no
more than a vessel lying across tho head of ar Ki 1K 1'fr' A SIan ot ',,10 'et 'n "10 c'far would

2 Sa '" meet all the requirements of a single span.
V''" Tho plans submitted by the bridge companies

i'' provide for a cantilever brldgo carrying six
C railroad tracks. This number of tracks Is the
f least that lias been proposed by any company
1 which has contemplated bridging the Hudson
p" lllvcr opposite the city of New York. Your Hoard

t Iv have therefore thought It right to make estl- -
!

BJ if 2 K mates for a bridge furnishing this nccomraoda- -
Jf P I B' tlon. The fact that tho river must be kept un- -

; $ E obstructed during erection limits the plans to
I Jj & cantilever and suspension bridges. The plans

if jt' submitted by the bridge companies provide for
f E.' ' a steel cantilever bridge, a description of which

li'- is given In appendix II: A cantilever bridge Is
. a rigid structure, subject to those changes of

, I ri shape only which are due to strains; It is well
' i I& adapted to railroad uses.

( B, In the first place your Hoard are of the una.nl- -

r w? moiu opinion that a cantilever span (1,100 feet. . V- Jf , in the clear could be built and would be a safe
BW 7 IV structure.
BsT '. 'l IB ' lu the second plsce your Hoard has cons!dercl

V f i that the practicability of such a structure
ft Kp would depend upon its cost, and to determine''ir "'' practicability has made comparative est).

H L matesof the tost of tno cantilever bridges with
' f rlear spans of 2.000 feet and U.100 feet, respec

i ; k tlvely. These estimates are comparative rathertf K if. than absolute: the benefit of doubt, where any
f( ) ! exists, has teen given to the longer span. The

ff t r ( jj! estimates Include both substructure and super
j.' , I 't I ntruiVire. but have lieeu raoile In round num.

' X ii liersandilo not includn tho cost of tracks and
B? ?"? B other features which would be common to both
Hi plans.

ti. ;K BL A series of borings, covering virtunlly tho
mxj W ll BT limits permitted by tlie act, have lwen made by
K'l ' Bv 1tl0 bridge companies, under the direction of
Kl . Mr. O. II. 1 1 rush, ('. K.. at tlio request ot your

BrK ' S-- Hoard, to determine the churacter of the bottom
aH ' I of the river. Thrae boringt hav e fouud roik atIf ,j, varying depths, but as the borings were not exKt is- - tended Into the rock, the absolute Information(A U by liefore your Hoard is that no rock exists above
Pj l Ui thereportol elevation rather than that solid
ill f

i !k ruck exists below it; but your Iloanl huve con-sv- g

r S okiered themneh es Justified In oMunilng that It
K.'r ( v jHt is a substantial rKk, suitable for foundations.
Bf. ' ? W. 1 he tMrlngs outside of the limits of the special

V ' I IB,' line considered have confirmed the accuracy of
B't s S Wi the others.

h 1, K The depth to rock Is about 123 feet at each
I t M' pier headline: It Is about 2t)0 feet at the sitet If I Bl where the pier of the 2.000-fee- t span bridge

5 W J Bh would come; the rixk rlsea rapidly from eacha HP i pier headline shoreward. The depth of nater
I t 9 ' Bsv Mt the site of the river pier is about SO feet.
, I 5 ' Br Under the water isalaerof mud or silt about
' I I MB 100 feet deep. Uelow this mud Isaflnesai.d,
u I . IRf filled with tresh wuter under a pressure exceed- -
f I J IHL log the head due tnlu depth.
jr (.'- -

i 9F The mud or silt Is not a suitable material for
S u I the foundation of the bridge piers. For the
' t Bv romparutively moderate weights carried by

K) T K bridges of usual dlmrnslons, the sand would be
hm w swf r suitable fcmmlatloii. For the extraordinary
55 H H welghtsanddlmeiikloiiH of the bridge authorised
f B K by the act. our Hoard is not satisfied that the
fA J K piers would be safe unless founded on roik.aud
H. li K the comparattte estimates have been made for
BY Si TKi roclc foundations,
mb Q K 'H' lateral provisions to resist wind, and the
Mr ' S longitudinal provieions for stability during
iHSF ' K erei tlon, require a ronsldrrable base. The plans
ijJFt i ). Mibmlttel by the bridge companies proposnl toJ jfAji i HK use a pier consisting oi four c Under placed 200

i BE feet betaeen centres In each direction. The
StJP j IVk total truction. including the effevu of wind
EJB-- i ( pressure, tarried ou each r Under is estimated

k. 1 IBS at 23.000 tons.
ft f !' In proportioning these piers your Board has
E I eRf - found it net cssar toadopilimitsuf stress. They
B Wf have Iv&Md thtlr estimates un the suuposltiou
Li i KJL that the prussuru betueen the metallic bed.
g- - 1 .1 rt(T plates and the top of the masonry should not

" ' i .., meed twenty tons to the square foot, and that
v f CL the pressure within the nuwnry and on the

UL f IT foundation should non here exceed ten tons to
asm r, Kfi tUerquare foot. They consider, however, that in
BB '' IK determining thete pressures the weight ot the
BE y ' I bBL material displaced should be deducted. The

Br KWr weight of masonry t cubic foot was taken at
mB i kBW 130 pounds in air, at 87 iwunds in water, and
E i tsBt- - An Pounds in mud, and at 30 pounds in sand,
Wfi i vflT .. , While these pressures have been exceeded Int ; ' pW: ,' aome structures, they are higher than usual
Jl . H& . Irsxtlcc.aricaH for masonry ot good quality

n2 ' 'and more U.an ordinary cost.
rv J Bsfi't'- - Your Hoard bav s assumed that the masonry
': iv Bm ' would finish fifty feet above water, and have

lr ' eotlmated the cost of these-- piers, lucludlng ex- -
Itt i cavation and sinking, at Si per cubic foot above

I - Bf . a piano 183 feet below water, and have added
f ; Xa . eight mills to this for each additional foot of
f HI 1 unh. I

' 2.000 l XET rx KAB SPAX CJLMIl.EVrn.1, ' The east vicr of the bridge, withatlearspan I

Ik- - tit 2.000 feet, would bs immediately back ot theIv , New York pier headline, where the rock is 123l' feet below meau high water, lbs west pierI iv .s would come in the river, where the rock Is 200I feet below mean high water. The east anchor.t ace would be v Ithtu th shore line, where theI Xtt-- k Unotmoruthon 2U feet below mean high
I . VsUsa. and the west aachorage oald be inmie- -

aWSMasMasMWSSalss1sWSWSSssssssssJsasssssssssssssssss.ss in

dlatetyweslof Oia New. Jerser pUr headline,
where the rock is 128 feet below-mea- high
water. The sits of the west anchorage calls for an
anchorage span 100 feet long, as shown on the
plans submitted by the bridge companies.

The east pier would consist of four cylinders,
each containing 866,000 cublo feet, and costing,
on the basis given above, $800,000, making for
the four cylinders $.404.000.

At the site of the west pier the average depth
of rock Is not less than 200 feet. A foundation
carried to rock here would be nearly 100 feet
deeper than any foundation whlsh has ever
been put In. Buch a foundation Involves very
careful consideration, and. your Hoard believes
that the additional price allowed for sp much of
the work as Is more than 125 feet below water
I none too large, Kach of the four cylinders
would contain 1,880,000 cublo feet, of which
1,014,000 would be more than 120 feet below
water, making the cost of each cylinder ti,--

27,300 and the coat of the four cylinders
J0,710,000.

The east anchorage pier would be founded on
rock about 20 feet below mean high water, and
the west pier on rock 126 feet belpw water.
Kach of theeo piers should be estimated on
the basis of a pier finishing 160 feet above
high water, 20 feet thick, and 100 feet lon&
on top, built with a batter of one In twenty,
anl founded on a caisson 40 by 12(1
feet for tho east pier, and. 43 by 125
feet for the west pier. Taking the cost
of tho v.ork above water at seventy-fiv- e cents

cubic foot, and of the work below water atrtr the cost of the east pier becomes $431,000,
and that of the west pier Jl.038.0li0. The cost
of the substructure for tho bridge with tho
2,000 foot pier span would be:
Fast anchorage. ill'525
ksstnler. . n,4H4.ooo
West pier. V.7IO.O00
West snchorsie - I.OflC.oui)

Total. . .. IM.43l.nOO
A careful estimate prepared by tho brldgo

companies makes the welgnt of the superstruc-
ture 2.10,000,000 pounds. Including tlio main
span, tho towers, and the two anchorago epuns,
covering a total length of 4,120 feet. This
weight has been cheated and may be taken as
approximately correct. The plan was prepared
for a location nt Heventy-secon- d street. hero
tho distance between pier hdllncs Is H.tlTO feet.
At Fifty-nint- h street the. west anchorage
span would bo lengthened 100 feet, and if the
bridge Is kept symmetrical tho wholn
length will bo increased t4.M20 feet and the to-

tal weight to about 240,000.000 pound. This
ostlmate Is based on n moving load of .'1,11(10

pounds per foot of track and on maximum work-
ing stresses of from 20.000 to 2,.',A00 lwunils per
square Inch, or nbout one-thi- rd of the ultlmnto
strength of the material: 240.000,000 pounds,
al 4H cents per pound, would tost U),H0O,(l0O,
Tho cost of this tirldge would then bo $25,44.1,- -

1 his Is the cost of a cantilever bridge of the
minimum span which your Hoard Is authorized
to consider, the length of tho entire structure
from anchorage to anchorage Iwlng 4,320 feet.
As this plan of bridge Is the one which tho New
York and New Jersey bridge companies have
selected as tho bridge they wish to build, Its
cost must lie ncccptcd for present purposes as
the cost of a practical strut ture.

3,100 rzrrt ci.eah srAN CANTir.Evr.n.
Tho site of tho east pier for tho span of 3,100

feet In tho clear would lio tho same as that for
tho 2,000-fo- span; the site of tho west titer
would be the same as that of tho west anchor-
age for the 2,000-fo- span. Hoth piers would
tie founded at practically the same depth, or 123
feet beluw mean high water.

The welsht of the trusses of the long span
would be about threo times the weight of thus
of the short span, and the weight of thefloorand
moving load would bu nbout one nnd a half
times that of the short span. The total reaction
on tho piers would bo at least two and one-ha- lf

times that of tho short span. On this sup-
position each of tho four cylinders would have
to carry 02,500 tons.

The piers In both bridges are so large that
their volume can bo proportioned directly to the
weights thoy have to carry. This would mako
the volume of each pier of tho 3.100 foot span
bridge two and one-ha- lf times thut of tho east
pier of tho 2.000 foot span bridge. The esti-
mated cost of the east pier of the 2,000 foot tpnn
bridge was $3,404,000, so that no may estimate
tho cost of each of tho two piers of the 3,100
foot span bridge at J8.fl0o.000.

The onchorago piers required for the long
span bridge need be little laigerabnve the water
level than for tho shorter span. 1 ho anchorage

the east side would he on rock almutflernn feet below mean nigh water: Us cost
would bo almut the same aa that for the 2.000-fo-

span. Tho anchorage pier on the west side
would boon rock forty feet belowmean high
water and Is estimated to cost $327,000. 1 he
total cost of the substructure for tho 3,100 feet
clear span bridge would then bo:
East anchorage. . (111.000
Fait pier . .... h.aoooiiO
West tiler . . o.nrtn.cmo
West anchorage MH.UUO

Total llb.aiiTooo
Estimates bv this Iloanl show that the weight

of the supentructuro of this brlilgci would bo
approximately 730,000.000 pounds, about three
times that of tho shorter span bridge, even
hundred nnd thlrtv million pounds nt four and
one-ha- lf cents per pound Is S.12.830,000,

The total cost of the 3,100-fo- span bridge,
covering a length of 11.100 feet from anchorage
to anchorage, may therefore be estimated ut
$31,128,000, though this estimate Is probably
too low.

Thn estimated cost of the 2.000-fn- span
bridge was V23.443.000 for 4.320 feet. To bring
it into proper compari'nn nlth the longer span
brldgo, 1.7H0 feet ot viaduct must bo added.
Kstlmatlng this vladurt nt $1,000 a foot, the
cost becomes $'J7,t;23,000. Tlio estimated cost
of the long span cantilever hrlJge Is S23.D03.000
more than this amount. Your Iloanl la of the
opinion that the additional crat of the long span
cantilever bridge Is so great that It must bo con-
sidered Impracticable.

suspension nntpoc.
A suspension hridgo Is another possible form

of construction at this location. I.Ike tlio can-
tilever. It can be erected without false work;
unlike the cantilever. It has not generally been
considered well adapted to railroad uses. It has
less rigidity than tho cantilever, and deflects
moro from tho combined effect ot temperature
and loud. Tha flexibility of tho cables tends
to cause vertical undulations of the platform
under a moving load, which are more objec-
tionable for a railroad bridge than for n high-
way bridge, where the llvo load Is less concen-
trated and is applied less rapidly. These objec-
tions lessen In Importance as the span of the
bridge and the proportion of the dead to the live
load Increase.

In a bridge with six Independent tracks the
condition of railroad service approaches thst of
highway service, and the iiocitioit of trains
which will produce a maximum dtsturbamo
would be of very rare octurreiiee. The inclina-
tion of the platform longitudinally and trans-
versely, arising from the undulations of tho
cables under the effect of moving trains, tan be
reduced within unobjectionable limits by a
proper system of stiffening: the effect of wind
on cables and platform i an lie taken care of by
cradling the cablrs. and by a lateral sj stem of
bracing In the platform similar to that used In
truss bridges. A single railroad track susin-n-sio-

bridge of 830 feet span lias been In con-
tinuous use, under rest rlctlons of load and speed,
for nearly forty jears at Niagara. With this
example! liefore us. aslx.truck railroad supen-pensi-

bridge of ,1,100 feet t tear span cannot
be dismissed without careful consideration.

Your Hoard has therefore investigated such
suspension bridge with great rare, and it Is its
opinion that it tould be built and that it would
be a safe structure. As this opinion may he
thought a departure from general opinion us to
the adaptability ot the suspension bridge to
railroad service. It Is proper that the llcitird
should state their reasons theiefnre. and ex-
plain the features of the plan adopted by them
for a comparative estimate In more details than
was done for the cantilever plans.

The essential different es Uel ten n cantllev er
and a suspension bridge are: First, that in the
place nf compression chords of the cantilever
we have land anchorages built of e)e bars and
matonry; second. In placo of the ttmdon chords
of the cantilever ve have cables built of wire of
a superior grade of metal: third, in place of the
web bracing of the cantilever we have a com-
posite S)stem of suspenders and stlffeucrs.

No question can be raised as to the safe and
permanent character of the anchorages If built
with a sufficient factor of reslstuneo and proper
provisions for thorough protection nf tho an-
chor ( halns against rusting, 1 hey hav e the ad-
vantage over the. compression chords of Hie can.
tilever, that their weight is supported directly
on the ground instead of forming a part of the
dead load to be carried.

As regards safety and efficiency, the wire
cables are fully equal tn the eve liar chords. If
built with the same margin of strength, Expe-
rience shows that they tan be effective!) pro-
tected against rusting by vviro wrapping und
painting. Wire at least three times as strong aste bar steel Is a men.hantal.le article, and
rabies made of this wire have the advantage
overcjebar chorda of less weight to be carried
by the superstructure.

The objections mails to suspension bridges
arise only frein tho third difference. It Is often
claimed that a sufficient degree of rigidity inn.
not be secured for railroad purposes, and thut
the stiffening members cannot ba properly pro-
portioned, un tng to the uncertainty which exUta
in the tntcnsitv of nrest.es clue tn changes of
temperature and elastic deformation In the com-
posite syttein. Tho Hoard has given careful con.
slderatlon to then) objections und believes that
fur practical purposes the) are met In the plan
selected.

Three principal methods have been emplojed
Insecure greater rigidity in suspension bridges.
First, by inclined stsjs extending from the top
of the towers to the platform, Tills ) stem w as
advocated and applied extensively bv the late
John A. itoebllng. Second, by trussing the ca-
bles either with straight chords, as In the Point
Hrldge at Pittsburgh, or by a system of
brace between two cables, as proiused by
Mr, O. Llndenthsl for his projected North
Hiver bridge. Third, by a stiffening girder
fastened to the platform and extending from
one toner to the othtr. This ostein isafcvture common to nearly all suspension bridges.
but has seldom been applied In the most ap-
proved form to give thelo-s- t results. The flrtmethod Is at best incomplete, as a stiffening
truss inut be used for the middle half of thespan. The second method might prove the
most economical, but Its application to wire
cables is still untried. Your Board has there-lor- e

selected the third method, that of thestiffening truss.
The suspension bridge which jourHoa-- d ba

selected for this hxation would eonsb: of a ll. i
gle span of 3.200 feet between saddles thus giv-I- n

about 3,100 fcot in the clear, too two tov. rs J

,

being located at (he pier headlines and the ca-
bles being carried In straight lines from the top
of the tower to the anchorages, making equal

on each side of the towers. This form pf
ridge has no side spans, but the tracks would

be carried on viaducts between the towers and
the anchorages. While the use of cables outside
the towers to sustain side spans Is generally con-
sidered economical, the arrangement selected
gives tne least length of cable and reduces de-
flection from strains and temperature to a min-
imum. ....

The two towers In practi-
cally the same position as the towers of the
3,100-fo- cantilever. The substructure would
lie of masonry, finishing at the same height as
the masonry of the cantilever brldgo piers. The
towers themselves would be of steel, and would
be 670 feet high from top of masonry to end-die- s,

or 020 feet from surface of water, i or
towers of this height there Is no question of the
economy and expediency of using metallic con-
struction. The anchnragos would bo of mason-
ry, each located about 1,000 feet back of the
towers. Hoth towers and anchorages would
have to lie founded on rock.

The cables would lie of wire, and the plans
have been based on cable containing about (1,000
No. 3 wires (0.230 Inches in diameter). Wire-make- rs

are prepared to furnish a wire of this
size, of tha guaranteed strength of 180,000
pounds per square Inch, at moderate prices, and
a much stronger wire at a higher price, lour
Hoard has adopted as the unit stress on cables
made of straight wire of this character 00,000
pounds per square Inch of one-thir- d of the
breaking stress, this being the samo proportion
of tho ultimate strength that the 20,000 sounds
adopted In the cantilever structure bears to the
probable strength of eyebar steel.

Your Hoord has estimated on a versed sine of
400 feet or nf the span. In the East
Itlver brldgo the versed sine Is less than th

nf the spall, nnd about the same ns In
other long span suspension bridges. In tho East
Hlver bridge tho cables are of steel wire and tho
towers of masonry. With the Introduction of
steel towers the economical uroliortlons aro
changed, and It becomes practicable to adopt A
greater versed sine than has hitherto been con-
sidered wise.

Stlfftnlno jfriiM. Thero are sev eral admissible
forms of stiffening truss. To Justify tho

form selected by tho Board for their
estimate ll is prcqier to give a short explanation
of its duties nnd modo of action.

A stiffening truss Is a girder supported by tho
cable and extending from one toner to thn
other. It Is fastened to tho platform at the
several points of suspension to the cables, anil
It ma) bo fastened lo tha towers In two ways;
it may bo held In tho vertical direction,
anchored down as well as supiiortcd, and acting
as a girder resting on tvv oupports, or It may bo
fnstenid also In the horizontal direction, acting
as a girder fixed nt tho ends. Thn Hoard has
confined Itself to tho first case, which has tho
advantage of gteater slmpllclt) In compulation
of stresses without material eatrifltuuf econ-
omy,

1 ho function of n stiffening girder Is tn dis-
tribute n load tov rring only apart of the span
over the entire span. If this function tould bo
lcrfrnrd without any deformation nf the
girder, the distribution would be. perfect, and
thesjmmetrlcnl shape of the cables would bo
preserved, but us the girder deflects under the
loud that It carries. It exerts, through tho

n (low nwnnl pillion the cables as far
as the load extends, and be)ond that
point the cable exerts n pull upward on
tho girder. If It Is continuous It will
take the shape of n reverse curve, with
Its point of contra-flexur- e at tho end
of tho load. The strain In all tho
suspenders will lie uniform for tho whole length
of span. The weight to bo carried by the loaded
portion of the stiffening truss will tie the mov-
ing load upon It, less that tarried by the sus.
penders. The suspenders over tho unloaded
portion, where tho table tends lo rise, aro
strained by the resistance nf the stiffening truss
ngnlnst flexure upward. 1 ho weight per unit of
length carried by the suspenders will alwuvs lw
equal Ic the live weight per unit multiplied by
the length of load and divided by tlio length of
span. Over thn loaded irtlon this Is
the actual weight per unit of length,
less the portion tarried by tho stiffening truss.
Over tho unloaded portion this represents
the upward pull resisted by tho stiffening truss.
The upward force per unit of length which
tends to lift tho unloaded portion is therefore
the assumed weight per unit multiplied by tho
length of load nnd divided by tho (length of
span. The weight per unit of length carried by
the stiffening truss on the loaded portion is the
total weight per unit of length, less that weight
multiplied by length of load and divided by
length of span.

When one-ha- lf nf thn span Is loaded tho
weight will bo equally divided between suspen-
ders and stiffening truss; the Mrehes In the
chords of the stiffening trm-- will bo
those caused by the same load extending over
the whole length of tho span if tho truss wcro
not supported by susjienders.

Tlie greatest stresses occur In tho continuous
stiffening truss when either two-thir- or one-thi-

of the pan Is loaded, in tho former case
tho loaded portion mul carry the
load, and the chord stresses at themlddleof that
two-thir- will lie 4.27 of tho maximum stresses
nt the centre nf the span If the trus
were fully loaded and not supported
bv susimuders: In the lstter case the
chord stresses nt the centre of the loaded por-
tion will be only while tho chord stresses at
thecentreof the unloaded portion will be the

but reversed. As the s load may
be placed an) where in thetruss.lt follows that
the chord stresses over tho whole central third
may bo 7 nf tho maximum stre'sut centre of
span. If the truss were fully loaded and not sup-
ported by suspenders. The shearing stresses ll f

the wel of the stiffening truss nrc determined i

by the same distribution of loads.
It must bo remembered that the only stresses

In the stiffening truss are those due to moving ,

load, all dead weight being tarried directly by
the suspenders to the rabies.

While this is thn simplest explanation nf tho
duties of tho stiffening truss. It does not t.iko
Into consideration all elements. The downward
nnd upward deflection of tlio stiffening truss
must be accompanied b) corresponding '

changes In the shapes of thn cables, but
as these changes nrn In tho direction
In which the cnhlea would mow- - if no
stiffening tru- - existed. It follows that thn
weight Is not distributed equally nniong all thn
suspenders, and the stiffening trus Is relieved
of resisting so much Inequality an In taken by
the cables. The c Ionization of the suspenders is
also a slight element of disturbance, but not suf-
ficient to be described here. An anul) sis of it
will be found in Appendix K.

There are two cither strains which the chords of
the stiffening truss may he railed upon to resist.
Thettrstof these Is due to the deflection of tho
cables under temperuture and under load. Ah
the stiffening truss Is not supposed to carry auv
ot Its own weight. It must dedtct with thede-Itectlon- af

thecshles, and this deflection must
lie accompanied by tho transfer of n por-
tion of Its own weight to Itself with
corresponding stresses In Its chords. thee chord
strains being determined entirely by their de-
flection. The other additional stress is due to
wind pressure if tho chords of the stiffening
trurs urn made the chords of the lateral sisttmas lu ordinary truss bridges.

The greater the depth uf truss the less the
chord strokes due to lu stiffening duty, and thogrenttr tho stresses duo to deflection of cables.
1 he v.'ind stresses depend on the horizontal dis-
tance between the two trusses.

To n old thHttiaiiisiliintoileflecthinof entiles
tho stiffening truss ma) M hinged at the ten- -
tre, which run lie done by cutting nno chord and
putting a plu Joint in the other. This arrange-men- u

flu the iviint of contrary ffexnro ut the
centre nf the span under all conditions nf load.
ng, ami le.iveotlie stiffening truss free to rise

mid fall with rhungesof deflection in thn tables
without additions) strain. As the liendlng
stressexat the centre nro now eliminated, thonil) function of thu pin Joint will be
to transfer tho shearing stresses, Willi
the Introduction erf the hinge und tholie fixing nf thu point of contrary flexure, thu
work of the stiffening trust is meslltted and theInvestigation becomes more complicated: it is
given In Appendix K. Tho truss still equalizes
the weight em all tho susienders, but too totalweight tarried by the susiienelers is equal to the
whole moving load only when that load
rovers one-ha- lf the span. The greater e hont
stresses lu cither direction occur at n dis-
tance equal to 0.2.14 of the span from each end.
and will be 0,130(1 of the maximum stresses at
centre of n continuous span If the truss were
fully loaded ami not supported by suspeuders.

The muximuni chord lu thestress hinged
truss Is therefore 1.017 times that In tho con-
tinuous truss, but it is u maximum only at two
points Instead uf over one-thir- d the span.

The continuous truss U better adapted to re-
sist wind than the hinged truss, but lis chords
have to bear the additional stress due lodrtlec.
tlon. As the hinged truss is practicable and
more economical than theother.it has been
used in the estimates mada Ly jfiur Hoard,

'I he form w hie h your lhiarei 1 vi selected for a
stiffening truss la a riveted lattice girder 120
feet deep, the two trusses being placed 100 feet
between rent res. 'Iho wehmembers am all

ut an angle of 43 degrees, and are in
eight s) stems. that the truss is divided into
3U.foot panels, and thu unsupported length of
each web mtmlier Is about 21 feet, The
floor are hung from the suspen-
ders and carrj the stiffening truss, the
weight of which Is never entire 1 overtoine by
the ui tlon nf the moving load. 1 he ton lateral
svslemis light riveted lattice.
'I he whole lateral work to resist wind pressure
Uttoneh) the luttom lateral ) stem, In whli h
tho floor beams tnrm lateral struts and the
diagonals are strained in tension, liruss bracing
Is provided at every panel point to suslalutho
floor beams at theirrentres ami to transfer wind
pressure to tho bottom chord, the pull nf thru

rota bracing being resitted by thu tup lateral
s)slrru.

Proportioning the trusses for a moving load of
3.000 iKiunds ier foot on earli of tho side tracks,
the maximum chord stress at the centre of the
half sn would be 14.401,400 pounds, and the
maximum chord stress in the bottom chord at
the centre, taken on the basis of a wind pressure
of 2,000 pounds per lineal foot, would be 23,.
000.0011 pounds. As the chords aro subject to
reversal nf stratus, )our Hoard have limited
the stresses in the chords due to mav. ,
ing load lo 12,500 pounds per square
lueh in tath direction. making un
extreme variation of 23,000 pounds, but have I

all'iwed the stresses from tha c imblned efferls
of tuning load and wind to run up to 22. 300 i
pounds, Itllevlng ILat with the arrangement uf I

cr.'-dt- d tables hereinafter described the wiuil
vtisius wjil never be anv thing like what should
be estimated cm, 'they have also estl
mated on the chord sections never being .

lew than 400 squar Incite. With these rondt- - I

tlons thu averag section of the bottom chord
become 000 square inches, and that of the kip J

chord 00.1 square Inches, the two averaging 030
square Inches, Allowing 23 per rent, excess for
details, the average weight of each chord will
be 4,037.6 pounds per lineal foot.

The average shear In the web system will bo
3,000.000 pounds. In addition to which tho web
system has to do a duty In transferring weight
from the upper to the lower chard equivalent to
a shear of 1..I00.000 pounds per lineal foot, mak-
ing the total duty ot each web equivalent to an
average shear of 4,300.000 pounds.

If the web Is proportioned on the basis of O

pounds per square Inch, with nn allowance
of 50 per rent, for details and connections, the
weight nf each web becomes 3,500 pounds per
lineal foot,

Tho oulrtilated weight of the top laterals Is
600 pounds per lineal foot. Tho calculated
weight nf the bottom laterals, on tho basis of
23.000 pounds stress per square Inch, with an
allowance of 25 per cent, for details. Is 1,130
pounds per lineal foot, making total weight of
laterals 1,030 iinunda per lineal foot.

The floor lieams weigh 00.000 iiounds each, or
3.000 pounds per lineal foot of hrldge. Thn
stringers weigh 1.800 pounds per lineal foot of
bridge. Floor Imams and stringers are propor-
tioned for n consolidated locomotive, weighing,
with tender, 104 tons. The total weight of tho
suspended superstructure per lineal foot may
then be tnken aa follows:
Four chords, st 4,017.8 pounds. 18,130 pounds
Twnwelis, at J,30l) pnumls. . 7,018 pound!
Laterals . . l.fl.Vi isnimls
Cross frames and hangers t.ievii pounds
Flour lieams ll.uon rsiumts
Stringers . 1. mid pounds

Total steel per llnesl foot 3I.B3H pounds
This amounts to 100.021,000 pounds for tho

3,200 feet of span. If to this we add 2,400
pounds weight of the ties and rails and 18,000
pounds for moving load, we have as tho total
weight cnrrleel by the suspenders 61,038
pounds, or 2(1 tuns per lineal foot.

This stiffening truss Is a very different struc-
ture from thn stiffening truss of any existing
bridge. It Is what It purports to be. a stiffening
truss, with a heavy lloor system like thntueu
In the raiitttevrr design, and with stiff dinner,
tlous throughout. This stiffening truss. 3.200
feet long, with Its floor system, weighs two-fift-

as much as the entire 4.320 feet of steel
work uf the 2,0(10. foot cantilever bridge.

Siupendm. Tho BUsiienders would bo either
wire ropes or rabies of straight wires like thu
main cable. They have been proportioned on
tlio basis of a stress of 30.000 pounds per squsro
Inch of section, nnd on this basis, with an al-
lowance of 20 per cent, for connections, will
weigh 1,423 pounds tier lineal foot, making thn
whole weight transferred to tho cables 33,303
pounds. The suspenders weigh 4,300.000
jKiunds for the 3.200 feet.

Ovhlr. Tho average weight of the cables will
bn 14,702 pemnds per lineal foot of bridge. Thn
total weight to un carried by tho tables may
therefore lie taken at 113.100 .minds per lineal
foot, amounting to 217,020,000 pounds, or
1011.000 tons for the snan of 3,200 feet. The
versed sine assumed Is 400 feet, or nf
the span. Tho greatest strain In the cnbles will
be next to the saddles, anil will be equal to the
weight carried multiplied by 1,118. amounting
to 243,724,000 pounds, which, at (10,000 pounds
per square Inch, will require 4,002 square Inches.
Mix thousand Nn. 3 wires have a total nrea of
3HI square Inches. The 4,002 square inches
limy bo divided Into twelvo cables of 338.6
Inches each. Your board lielleves that these
rubles ran be ronstruried now ns easily as those
of the East Itlver Hridgo were at thn tlmo It
was built.

Tho arrangement of rabies which has seemed
most feasible to your Hoard, and which has been
used for the basis of these estimates, places six
cables on each side, the cables being twenty feet
apart on top of towers, tho two cables next to
the centre on each side being In vertical planes,
and the other tables cradled Into planes which
Intersect In tho Hues of tho pins wblch sustain
the floor Imams. A separate supender reaches
from each pin to every cable, tho suspenders
being In the same planes as the cables.

Vertically tho cradling of thn outside rabies Is
100 feet In a height ol 4(10 feet, or onn In 4.(1.
Horizontally it Is 100 feet inn total length of
3,200 feet, no that the horizontal cradling of the
two outsldn cables Is 200 feet in 3.200 feet, or
one in 111. A sufficient cradling Is obtained not
only to resist the entire wind pressure en the
cable", but to relieve tho laternl ees-te-

very materially. The distance be-
tween thn tables will favor simultaneous
construction. Tlio suspenders at each
point will be nf uniform length and will null in- -
grther. Thn length of thn suspenders at the
centre of the span must bo enough to allow the
cables to clear each otherwhere the attachment
Is made, and this places the lowest parts of thn
tables sixty feet above the pins. Thn total
height of thn ton-e- above high water is madu
up as follows:

ttrr
Clearance required by law lAu
('amber lo
ti'iortest suspender . ..... .. no
Vcrs,vliue . loo

Total .... . 620
The total length of each entile from anchorage

tn anchorage Is 3,1)00 fret. 'I he weight of curb
of the twelve cables per lineal foot of table. In-

cluding wrapping, is l.lri.l pounds. Tho weight
nf the twelve cables Is 14,200 pounds per lineal
foot and the total weight of the cables 70,1147,-H0- 0

pounds.
3'mrcis. The weight transferred by the cables

to each towir is L'lH.onu pounds. Thu towers
are 370 feet high from top of masonry In sad-
dles. As these towers are only in compression
and the members so largo that they may lie
treated as short compression members, a stress
of 20.000 pounds per squnre Inch at the top is

This requires 10,000 square Inches of
section. Tho weight of each tow er, w Ith an allow-
ance of eighty per cent, for detailsand connect inn
would lie 3h.023,5ito pounds, or 70,047,000
pounds for lsith towers. The total weight to bo
carried on the lower part of the tower would be
12S.00O tons, making u pressure of less than
24,000 iiounds per square Inc li at the base of the
steel columns, which will be very slightly In-

creased by the wind pressure and by the hori-
zontal deflections at tho top of the towers i f the
saddles do not move free!) .

.inchar inula. Tho cables are carried In
straight lines from the saddles to theanchoragre,
each anchorage being on two parts, each part
anchoring the six cables In Its side of the bridge.
Theupivard pull of the rabies at ruchunchoricge
(one side) is 64.300,000 siunds, and tho horizon-
tal pull 100,000.000 pounds. Tho estimates
have been made on the basis of connecting the
cables with thn nnehnr bars outsldn of the ma-
sonry of thenuehoragr. placing the-- anchor burs
in tunnels. and connecting them with bearing
plates at the loer ends. Ever thing would Im

accessible fur care und rcpulrs. The chains
would be of steel-ej- e bars, whirh havu been pro-
portioned for a stress of 20,000 isiunds per
squnre Inch, with an allowance nf 20 per rent,
for detail". The estimated vieluht of the bars
and plnsltieactiof tho four half anchorages is
tl.H23.000 iKiunds.whlle the plates ut the bottom
would add iluu.ooo pounds to this amount, mak-
ing the total weight In each half anchorage

pounds, or 20,700,000 pounds lu tho
four.

Mrurftirai SfI, In estimating the ..n- -. of tho
structural steel work jour Hoard used the samo
price per isiiind as for the work in the cantilever
bridge, namely 41 cents. On this basis tho cost
w nuld be us follow s :
HusDeniled superstructure loo.ogi .Bon pounds
Towers 7S Olt.lUHl imunds
Cbslas g;.S(lil,ll(HI pounds
Anthur plates 2,400,000 isiuiids
Structural steel VOu.rtils.Kno luiundi

attCji-eut- i SU'iiio,u7
The majority of tho Iloanl lielleves that this

price is too high.owlng to thedlfference in char- -
artrrof steel work In thu two structurer. and
that the total cost of the structural steel work
should not lie estimated higher than $H,500.00U

inreiroif. The tables und suspeuders have
been estimated at 8 cents per pound, making
their cost:
Tables (pounds) 70 MT.W10
Bujpeadrr 4,fio'l,cioo

Total wire pounds NI.Vl7.sno
At a rents (a,73o.S

.Vuiirrstnirltire. The total cost of the super-
structure Is $10,030,711, on tho basis of 4,4
cents for all strm lured steel.

.Sufistrtwf ure. 'I he substructure would ton.
stst of two anchorages unci tho bases for two
towers. Each tower base has to carry the fol-
lowing welguts:
Huspended weight on lop of lower 109.000 tons
Tower lu.ocsl tous
Kitra effect of evlud 4,ououns

Total 1 J.'.Oi'U tons
Each of the tower liases of the 2,000 feet e an- -

tilever bridge tarries 100 tuns, lu both ruses
the foundations ran be made propurtlonul to the
weight tarried. 'I lie cast tower Is In the tamo
place as the east pier of the cantilever bridge.
The cost of this baso for the suspension bridge
tower will be that of the cantilever bridge
pier, or $.1,464,000, multiplied b) 1.32, making
$4 372,480.

The west tower would come immediately
west of the New Jersey pier bead line, the uv er- -
age depth uf rock being about ten feet more
than on the east side, requiring 414,000 cubic
feet additional In the foundation, Kstlmatlng
on the same basis as for the west pier of the
cantilever bridge, the cost of this 414.000 cublo
fuet of foundation would be $131,000, which
would make the tost of the west tower base I

$3,003,480.
Tho anchorages have been planned on the I

basis of putting the entire weight which is to re-
sist the pull of the cables, aUive mean high
waltr: and the quantities have been based on
a of friction of O.rt and a factor uf
safety of two. The anchorage at each end of
tke Bridge would ccutatu 3.D40.O00 cublo feet
abv the foundation. The only duty of the

U to act as weight, and a vtry chess

class of mason rr can be nsd for this pnrtoset
rabble made of the most available stmie, with a
facing of rough ashlar or brick, would do. The
cost of this masonry has been estimated at 37)4)
rent per cnblo foot, although the Board be-

lieved It could be built for much less. On this
basis the cost of each anchorage above mean
high water Is $3,227,800,

The east anchorage would be founded where
the rock Is twenty feet below mean high waUr:
the foundation could be pnt In with a coffer
dam, and has been estimated as costing 75 cent
per cublo foot. There would be 1,180,000 cublo
feet In this foundation, making the coat
$802,500, and the total cost of the east anchor-
age $.1,000,000.

The foundation of the west anchorage wonld
have to be sunk sixty feet to reach the rock, and
would probably be put In by the pneumatlo
process. Its volume would bo three times that
of the east anchorage, and its cost may be esti-
mated at tho same prire per cublo foot, or
$2,887,300. making the total cost of the west
anchorage $4,818,000.

The total cost of the would then
lie! East anchorage, $3,000,000: base for east
tower, $4,572,480; base for west tower, $8,00,1,-48-

west anr borage, $4.8 13,000. e,

total. $17,480,000. ...The anchorages can to carry the
tracks, but the tracks must be carrleil betwreii
them and the towers on viaducts, requiring 025
fret of viaduct on each side, or 1,880 feet In all,
which hss been estimated nt the samo price as
Imfore. The total length of the suspension
bridge. Including viaducts nnd anchorages. Is
5,000 feet. The total cost will lie as follows:
Superstructure. Slii.n.ld.Tll t
$17,480,000; total. $11,317,(171. Viaduct,

Oraiid total, $'15,307,071.
The estimated cost of tho 2,ooo.foot cantilever

bridge was $23,443,000 for 4,320 feet. Tn com-
pare It wllti the 5.000-fo- suspension bridge,
1,280 feel of viaduct must bo added. This
makes the cost $20,723,000. The estimated t oat
of tho Suspension brldgo Is $8,044,(171 more.
The fairest comparison Is by mrt'nluees; thn
cost Of the suspension brldgo Is nenrly 02i per
rent, morn than that of thu 2,ooo.fiHit cantilever
bridge. If allowance Is mado for cost of
structural steel In accordance with tho
views of a majority nf thn Hoard, thedlfferenco
will be redurnd to $7,844,8N4. or nearly 30 per
rent. Thn general conclusion which our Hoard
has reached Is that tho cost of a suspension
brldgo of n single span, designed for Its whole
length for tltewmn moving loail as the 2,000-fo-

cantilever bridge, would be less than onev
thlrd morn than that of the cantilever.

Deflections. The structure descrtlmd Is nne
nf unusual rtgldltv. The expansion of the me-
tallic towers counteracts In a degree deflections
due to elongations nf rubles undir nn Increase
of temperature, this deflection being further
reduced by tha Inrgo versed sine. Of the thirty-fou- r

tons per lineal foot, only nine are
moving load, so that thn stress per
square Inch on cables caused by a maximum
moving load Is less than 10,000 pounds: It
would not exceed 5,000 (siundswlth nn ordinary
freight train on every track, or 2,500 pounds
wild n passenger train on rverytrnck. The de-
flections havu been calculated for a full moving
load with I he following results:

CYmdlton. Fffrrl eif.
no decreet K, 4- - 9 cable between towers.
Max. no', load. 2 '!.

D1 back itsys.
-0- .14

o. o 20 towers.
0,11.

O.03 suspenders.
li 0V.

ill total.
:i .

Combined. 4.73.
-- 0 24.

0.11.
o ns.
4 UJ.

In other words, tho total deflection at the cen-
tre of tho span below a mean Is about five feet;
tho deflection above a mean Is less than two
feet; the total range Is less than soven. These
deflections aro within satisfactory limits for
railroad service.

A deflection of flvnfeet In a length of 3.200
feet. Calculated for a modulus of elasticity of
28,000.000 pounds. corresponds toa chord stress
of 7,870 pounds per square Inch In a stiffening
truss 120 feet deep. This is the stress which has
been eliminated by thn use of the hlntre.

Lighter btrtitturr. The calculations nf tho
cost of Iho suspension bridge, which has been
elescrlbed. have been made as nearly as possible
on the same basis as the estimates for tho can-
tilever bridge, without taking Into considera-
tion the fart that tho cantilever brldgo would
bo strained nearly to Its full cnpaclty by a
load 1,000 feet long, while tho suspension
Inldge would be fully strained only when cov-
ered by a load three times thst length. Fur-
thermore, no allowance has been mado for
thn fact that the maximum strains in the
stiffening truss would oci-u- r only under com-
binations which might not nrn once Inacen-tur-

and which could bo prevented by simple
lKilice regulations.

A mm Ing load of 3,000 pounds per foot. 1.000
feet long, on ench ot the six tracks, creasing the
hrldge without change nf relative position,
would produce practically maximum effe-ct- s In
upward movements on n continuous stiffening
truss, hut It would prcsluce only cino-hn- lf these
movements downward In other words, the
rhnrdsof the stiffening trues would bo strained
12,500 pounds per square im h by upward bend-
ing, hut only (1,230 pound bv clow nn aril liend-
lng, on the assumption an before that all the
moving load Is distributed by thu stiffening
truss: as only about 8H per cent, is
distributed bvrtaMinof tin- - unsymmetrlcal

of the cable, tho maximum chord
stresses are reduced and become respectively
1 1.000 und 5,500 isiunds. The greatest upw nrcl
deflection from the action of the cables ocrurs

theeftictsoffrom temimrnturewhen the bridge
k unloaded; under a lull loiul It Is eliminated.
and under a 1,0(10. foot load It Is reduced to
atmut erne foot, which correspond to n chord
stress of 1,570 pounds, making u total of 12,570.
The elownward deflection would noverexceed
three- - and olio-ha- lf feet vtltJi thn limited length
nf train, which corresponds; to a chord strain of
5,500 pounds, or u total n" ll.Olili. so that a

' continuous truss could 1 us d without exceed- -
ing the assumed limits of sti ess,

1 should lie noted that the only conditionI which would produce theso stresses would bo
tho passage of six maximum trains side by side.
A single freight train In the most unfavorable
position would produce iv ntresnof not ov er 3,800
pounds tn the rhordsof the stiffening truss, ami a
single passenger train a stress nf not over 1,800
imunds. In providing torn lighter structure,
adapted to trains 1,000 feet long. It should Iw
thought bet to make no reduction In the weight
of the stiffening truss or the floor system, but
the continuous form of truss might be selected.

If thn stiffening truss did Its complete duty
In the distribution nf weight, the greatest strain
which a train 1,000 feet long, weighing 3.000
pounds per foot, could Uirow upon tho cables
would correspond tn a uniform load of 1)37
pounds. If the stiffening truss did no duty
whstev er, but the weight wasdlstrlbu ted strictly
armrdlngto the laws of leverage, thn greatest
strain which aurh 1,000-fo- ot train rould throwupon the rablea would correspond too uniform
loud of 1.3H2 iiounds per lineal foot. I'nder
thesorlrcumstancrs it seems safe, while not re-
ducing the stiffening truss, m provide for a
moving load on thn cables of only 1,500 pounds
per foot of track. For this upproxlmnte calcula-
tion tho weights per lineal foot may then bo
taken as follows;
Biupeiiitc,! superstructure and tracks 34.000 pounds.
Moving letad 0.000 iiounds.
Cablessnd suspenders 14.000 pounds.

Tola). . .. 37,000 pnundt.
This Is 2KH, tons per lineal foot instead of 34

tons, the reduction In the tolnl earning capacity
being about ltl per rent. It should bo observed
that the live load Is only 15. H percent, of tho
whole, so that tho additional stress put
on the cables by tho simultaneous passage of
six maximum trains would, without allowance
for the work of tho stiffening truss, be only
10,000 pounds per square inch. The stress rd

by a l.uOO.foot passenger train under the
most unfavorable conditions would not be over
1,200 pounds.

For the purposes of present romparison, the
suspended superstructure) remains unchanged;
all other parts may be taken at 10 per cent, less
than In the previous estimate. The weights und
cost of such a bridge may then bu estimated aa
follows;

VnitKfj.
Suspended superstructure . . . I0l.ouu.000
Towers . ns.nou.uoo
Chains and anchor plates . ... '.'J.uoo.uoo

Structural steel IHO.nno.ooo
4Wc ... H,5.V0.000
Mire won &,M3V,ooQ

Tolsl superstructure SH.J0kToi"s)
Substructure II.BM.Ooo

iss74 ooo
for viaduct i.tilo.ooo

Io,7i:ijmx)

' A Good Appetite
Inessential to rood health, and whnn tha
natural dealro for food Is fftino Btrvngth will
soon fall. For loss of appetite. Indlirestloti,
sick headache, and other troubles ot a Uys- -

f--f ood's Saraam
ML 1 parilla

peptic nature. Hood's f sj sj t.cHnrsaparllla Is the fl UI Cjremedy which most VjiVv
certainly cures. It r IWtWiquickly tones tho stomach and hiAkrs one
''ronl hungry." lie suro to jtet Hood's nnd
only Hood's Barnaparlllft.
Hood's I'llls nro purely vegetable 85c.

FLINT'S FINE FURNITURE.

An Elaborate Exhibit.
Elegance snd good tails msrk ihs srrssgemrnt ot

OCR NEW STOUT,
with Its full tins ot rail novelties la every depart-
ment.

ho housa la this country ran inrlle Its patrons to
mora spacious rooms and n.Trr the attractive features
throughout the building lo see to adrantsgs the
beautiful vsrlcty of goods slum a,

CAUINETS. HinKBOAKDS,
OEMKH, CHINA VlMHtTTH,
TABLEnl, niKtllH,
JETAOEHKS, TOILET TABLW,

la all Woods, Oak, Blrrh, Maple, and Mahogany,
la fluuui sad design to pless the most critical snd
fastidious.

I'UICEH
la suit all. These are the best reasoaa
why the no4rat butcr will Barf tur

lore oradvuataBe as well as those of mors
'

isletharle purse.

CEO.C.FLINTCO.,
43. 45 and 47 West 23d St.,

r . MJUK BBOAD1TAT.

Six
Little Tailors.

frm. turn evemoe isKMsKl1

Stop in and oxamino our largo
lino of clolliB for Fall and
Winter woar which wo havo
rocoivotl from tho largoBt
woollen mills horo and abroad.

Theso goods go through a now proc-08- s,

especially for this firm.
Thoy will not loso color or got
out of shapo in damp weather.

Don't placo your order with any
other houso until you boo this
beautiful lino of goods.

Wo givo n sample to every customer for
examination.

Our prices will surely suit you.

Wo nro tho largest manufac-
turers of fino custom work and
do tho largest business in our
line.

Samples nnd
guido sont on application.

JACOBS BROTHERS,
229 DR0ADWAY (orrosm: rosT orncr.).
BOWERY, oBNF.R BROOME ST.

No Doctor
should be without a telephone He might not
uso It much himself, bjt I.e would receive mat y
rails and largely his practice Tl
Telepliouo Company males a rate uf $100 to
1140 a year, according to use. Write 18 t crt-Ua- dt

tu or call up Tclt lions "Sal CortUgslU

'J&2&tiQtimttWiL j .Jen1

xr.irs ov Tin: xavt Y.inn.
The Marblae to He Tested fbr Stability

This Week.
A dock trial of tho engines of the new second-clas- s

battleship Maine, which was taken out of
the granlto dry dork at the Navy Yard last
Thursday, Is to be begun

This trial is held In order that tho adjustment
of tho engines may lie perfected. It Is thought
thatatwo day's run will lie sufficient. After
the engines have been adjusted a preliminary
trial v 111 lie made with the sliln under way. and
then will followthe ofllrlal trial In open water.

The cruiser Atlnntn will pnibnlilv not sail un-
til Tuesday or Wednesday. Some tempornry
repairs on her engines are being made to enable
licr to get to Norfolk. Her near rrnnk shaft is
now on herdeck. This is lo bo put In tlio ship
at Norfolk In place of the one now there.

The crank shaft nf the cruiser lloston. the At-
lanta's twin, has also been changed one e.

The gunboat Machlaa the work of lengthen-
ing which Is now nlmost finished, will probably
be put into tho dry dock early this week, tn lie
tested as to licrstahllttv. If satisfactory, sho Is
to be put Into commission nnd sent to Clilnn.

A. Court Martial to Try l'aj master Wham.
Warhi.notov, Sept. 1- .- Another army scandal

at Vancouver Ilarrncks, where a court martial
will meet on Sept. ! to try Capt. V. I. Ii'oodwln
on n charge, nf drunkeness, was developed to-

day In tlio appointment of a rouit martial for
the trial of Major nnd Paymaster Joseph W.
"Wham. Army officers ondutvat the War De- -
partment refuse tn talk nbout the rase, but it is
understood that Mujor Wham is to be tried for
Irregularities In his personal affairs, Involving

of his debts. Major Wham's ca-

reer In the army has been Interesting. A num-
ber of ears aero, while stationed In Texas, road
agents held hlni up. with his esrort. anil took
from him SIS.OOO, with which ho was to pay
troops. Some months ago he could not got tile
Paymaster's bond renewed and his usefulness
in the pay department ranin to a standstill.
While thlswns pending Major Wham applied
for retirement nn ne count ot disability, nnd re-
port had It that ho did no at the suggestion of
the War Department. Hut when he npiieared
liefore tho retiring board ho opposed favornble
action on Ills request, nnd the retiring board
was obliged tn reisirt that his disability, whloli
consisted In an affection of the ejes, was not
permanent, and Major Wham waa arronljngly
retained nn the active llsl. Major Wham was
made a pa master by (ten. Grant un the last day
of his serv Ice as President.

Treasury Order IteToked.
Wasiiikoton, Sept. 1. Acting t'nlted States

Treasurer Mellne has revoked the special notice
issued June 1H, 1N04, under which small notes
have been sent by express from the Treasury
here at Government contract rates for deposits
of gold and gold certificates, and shipment of
the notes from tho I'liltrd States Treasury here
under its provisions are discontinued. Small
notes.hereafter. may lie furnished by Suh-Trea- s.

urers at their rotintrrs to the extent that such
notes are on hand In excess of the requirements
nf the rurrent business uf thelrofllcrs lu ex-
change for gold and gold certificates and largo
dnnoiuinatlotisof legal-tend- nole-- , hmnllnnlc--s

wilt lie shipped from liereonSiiu-Treasurer- s' or-
ders to the extent that they ran be spared.

This order. In riled, prevents Bhlpiers fromobtaining the benefit of the. Government's con-
tract rales. Its issue shows that the Treasury
has no further concern about bring able to re-
plete the gold reserv r.

Arrived on the Paris,
Among the passengers on tho steamship

Paris, which arrived veslerdny morning from
Southampton, were the lion. J. II, Kasson,
Judgu lloger A. Pror, Thomas F. Clllroy, Jr.,
I,ars Anderson, Charles S. Peabody, H, (',
Duval. Kdward 8. Stokes, hlgnor Peruglnl, Miss
Illanclie Walsh, and L Klklns. p. A. II.
Widener. and t T. Verkes. who were met atQuarantine by the revenue cutter Perry, having
onboard John It. Itrad, Collector of the Port
of Philadelphia: William V. Harrlty, and aparty of Phlladelplitanr.

Aa Alleged Ilooknmker Arrested.
Harry ltoblnson of 1S2 West Twenty-eight- h

street was arrested last evening charged with
taking money and registering bets on the races.
He was found in a saloon at the northwest cor- -
per of Twent)-elglit- li street and llroadvvav mak.Ing entries in a small besiL,

The Dolphin dolts JJaaa Flahla.
..JiEw.POHTt W- - ': .The I'olted (States ship
Dolphin sailed from West Island shortly before
noon with hecri-tar- Herbert and juerl
on board, for Wrcsl's lloll. '

i

The Wr.tfc.r.
An area of hlta pre..uro lias taken a rnnimandlng

position over tbe country generally es.t nf ihe Ills
slulppl, h Ith Its centre reeling on the tiidlellc AtlanlU.-e-

sit, anil It Is holding In cbeck the storm area nliUh
Uru-- to more ra.t from (he Korlhw est Mates, snd

Is likely to force It northeastward Into t'snada over
t lis late regions. This precludes Ihe puulbllll) of any I

rainfall to relieve the drought for one ortMudsys '

longer al ls:
There wssallfbt fsllof rain In Jloolina snd Koulh

Dakota and also la Ihe Uulf stales, His
weather was fair, save for Ihe general imoity and
basy condition of ibr atmosphere arouuil here.

II was fair anil slightly warmer la this ill) , highest
official temperature, H3t lowest, 04': sversge hu-
midity, (toper cent , od, geuerally soutliwest; aver-
age velocity. K miles an hour, barouuier corrected lo
read to sea level al B A. 11.. a).h, J I'. M.. 30.13.

The thermometer at ferry's pharinac). bis building,
recorded Ihe temperature) yesterday ss fcilUmt;

3 A. U. M' ul! 3 HO l M 7u J
HAM. rtrt Bl'l a K M . . .ua.m no kl'M ew --.J.

13 M T' li'l WMM c 7d'
Averaxe 711..Averaseoahrpi I su.t ,jiJ.

woiiiigto roKU4rcs tciiuv
IXirlkt Duiriei 1 1 oimeeai, cw l.ityUitJ, taMtrn

.Yeir lvr, raiser ivuMJfeasld, .Wis Jersey, via I

IW. oiwl JCar,(.i J. air . llijKf.y vrurMcr. ouA to
Ks4Aer4f rly wimd,

lor V.'e.t Virginia, western WnnsylvaaU, western
Hew Vork, aad Ohio, fair, subtly wanner, except
slsllfgisry Umpsraluie la vicinity eX ClacluuUi(oath wlada,

FLEETWOOD'S PROGRAMME

aoxxrnixo Anon rim nAnxr.su
ri.Yr.ns xo jik skex xitta iteek,

Alls: TTIII Rlarl Against Naner ITa.hs's
1O4, but She C'naant Accomplish Impns.

slIillllles-Ma- nr Very Hpeedy Horses
"Will Try Cnnelnsloaa tlver thn (ltd
Course-Plen- ty of the Trotters and Pas
eera Wilt lie Out for nn Airing To. day,

Ths New York trotting meeting In the Grand
ClrMilt begins at Fleetwood Park,
continuing flvo dnjs. or It may lm tlio entire
week, the programme provided by tho Driving
Club lielng n mammoth one, vv hlch n good many
horsemen bellevo It will bo found Impossible to
run off on schedule time.

If tho published lt of entries to the various
events of the week eorreetlv Imllcntcs therhnr
nctcr nf tho raring to bo rxprctcd, there Is a
treat In store for tho followers of tho trotters In
and about New York. Nearly all the Eastern
stables (if lmortaiiec, and innuynf thoso that
hnvo been In tho West since the close of the
liufTalo melting, will reunite at Fleet-wexx- l,

Infusing Into Iho metropolitan sa
rles In tho llratid Circuit a fresh ele-

ment of uncertainty, which Is lacking when
tho same horses como together week nffr
week In thn same classes. In addition to the
regular programme of class rates, the wonderful
mare .Mix, V!:(l.'it4, has been engaged to start
against the champion record of !J:iM, now held
by Nancy Hanks, and, as a further special fea-
ture. Directly, the champion pacer,
Is to try lo record of 'JitlDj, mado last
week nt Washington P.irk, 1'hlcag,).

programme Is 11 strong one. with
tho New York purse of S:l,000 for y:30 trotters,
tho Fleetwood purso of 8.1,000 for !!:!S0 trotters,
nnd tho U:1H pacing race all on the card, nnd a
dozen or more prnspectlv 0 starters In each class.
The Fleetwood purso will be looked upon as tha
star event, with such fast ones as t.esa Wilkes,
Jillttit .Mary llest, lavi; Aunt Delilah. SiliiUi
Ilotlgovtllc, 'Jil.lj Mrnntlii, IT : I ."i?i : Ora. U;luV.iS
tiretrhi'ii, a:l", nnd Ituliy, l!.l 74. among the
entries. Mnry Ilc-x- winner of the $15,000
ruco for nt Hartford, will
probably bo thn starter from John A,
Goldsmith's stable, and she Is likely to start fa-

vorite, although her latest rnces nt Term Ilnuts
and nt Hartford seem to indicate that the Ouy
Wilkes Illly Is not iiulto up lo her best form nt
prei-cn- Aunt Delllnh looks formidable on thn
strength of her brilliant victory over Cobwebs
nnd J. M. II. at Poughkeepsle, nnd the Missouri
lunru's suliiequcnt defeat III ridiculously slow
time at Hartford will probably deceive nobody.

Thn local mare Anna Mnce, owned nnd driven
by W. II. McCarthy, Is 0110 of the fastest trot-
ters e ntcreel In tlio New urk purse, having fin
Ished second In hlxty-sl- x In a:l6V4 at the Cleve-
land Grand Clrrult inretlrg. Hut the daughter
nt Hubert McGregor went lame at HufTalo, ami
she has not started during tlio iist few weeks,
Toinah, '.':174, nnd Alinontlue. V!:10l.i, nro oth-
ers of tholoi that have shown their eiuallty
by heating ':UMI In races this season.
Of the fifteen pacers named In thn
clnsm Judge Sterling, ":t"iW. Highland I..,

:14W, llerkshlrn Courier. U:I4M. Amelia,
'.':'J1 H. (. O. Tttvlor. '.:l(Ii. and Ahetto. ai4,
started last week nt Hartford, finishing tn the
order named, after a stubborn contest of five
heats. In addition to these are Alice Director,
':1N, Forndnle. S:"0. Dalgetty, S:174, Harry,
'J'.l'H. nnd others. Whllo there nro perhaps 1111

John It. Ilenlryaor Joo Pntchens among them,
the Held Is one that gives promise of 11 tine race.

The doublo-tca- rare, lu which Ozote.
and Cobwebs. '':r.': Lord Clinton, 'J :(IMc. and
Mls I.Ida. y;10. and Nelly WS:14U. and
Lady million, Uiltttf. are entered, along with
two other pairs. Is the lending feature of Wed-
nesday's programme. In this rare, a subscrip-
tion sweepstakes, subscribers havo the right of
substituting other horses for those originally
nominated up to tho night before the con-te- st

takes place, so that although the pairs
have already been named, the make-u- p of the
Held is as yet altogether uncertain. It Is said
Monroe Salisbury will start Answer. ":14H. the
horso he purchased from Congressman J. ( .
Sibley last week, ns a mute (or Azote, Instead of
hitching tho latter with Cobwebs, and It is
further reported that if l.ady Ilulllon starts In
the rnrct It will bo ns a mate fur San I'edru,
y:14W. Instead of Nelly W.

In the 2:14 class race to be trotted on Tues-
day. Om Wilkes. .Miss Lld.-v-. Silicon, and Jenny
K. arc the most piomlnent ones of tho dozen or
more imtnrd to start. Miss Mela gained a record
ofJ:104int Lansing. Mich., ten davs ago in a
winning race against tho game little New York
metre Hush, by Alctone. On likes was a win-
ner at Hartford last week, and at Terre Haute a
fortnight ngo he forced Trevllllan to
trot a fourth hent in V!:00fL At the lat-
ter meeting Silicon defeated Mary llest
ror the Futurity stake, trotting
in ?:KIWs but she brought up the rear In tier
Chicago race a week later, nnd It la said the
great roor-- v ear-ol- d has gone wrong. Jenny K
the daughter nf Phallas.nt her last nppeoranto
in public, trotted third to Trevllllan and Oro
Wilkes In Chicago, showing signs of a return to
her form ot last ncason, w hen sho was unbeat-
able In her rlass.

There iiru thirty-on-e entries in Ihe 2:18 trot-
ting rat c on Tuesday's card, and the officials of
the Driving Club are considering thu plan of
dividing the mammoth field Into two eertlona 1

and giving two races Instead of one. ItalpU ffWilkes, i0 Carldon. --,:1014: Lesa Wilkes,
!.':ll: Qucerh). llaroiiet. l':10U. ami
Cocoon, i!:19, appear to lie tlio best ones of a m
uniformly good lot, with the chances strongly
In favor of the tlve-- v ear-ol- d from lloston, ilalpfi
Wilkes, who has not jet met his match this
season. Lesa Wilkes trotted lu !!:11 at
Tcrre Haute two weeks ago, her last appear- - 9
nncu In nubile, and if her hard race against Hal- -
hum dlef not give her n luirkset she ought to ri
make a strong bid for the victory at Fleetwood. '&
'1 he Adv vurement Purse, for three-year-ol- d trot- - il
lers. Is tlio fourth race oil tho programme for .
Tui'xelav. and although nearly thirty voungsters
are eligible to start. Gil Curry's great colt Hed
Hud. --'UoH. looks to hold the race secure; l.lra-oner-

however, forced Kxpresslve to trot ln3;13
at Foit Wayne, Intl.. last week.

Wednesday's programme Includes the 2:11
class, the S:SS class, the class for
trotters, unit the -- :14 pacing race. The fast class
for trotters promises to ho one of the great con-
tests of the meeting, with Phtebe Wilkes (2:11),
Mahogany CM'-'M-i. Alar C.':1.'IU), Hilly A.
i. 1:11.11. Cobwebs CM:.'). Miss Nelson C.'iinU),

Aunt Delllnh C'liym. Nelly W. (SlHll), and
David 11, (2:l'-'- h. among the prospective
sturters. Phii'bo Wilkes's recent rnco in
Chlrngii, wherein she defeated Plxley cf.Onli)
nnd Night ingale(S:10Ul, will doubtless make the
Western mare a favorite, Sho has slowly but
Meadlly rounding Into winning form ever since
the elate of the Cleveland Hireling. nnd now that
the big marc has struck her gait sho Is likely to
he a hard olio tn bundle. Mahogany's line race
ngnlnst llalpli Wllkrsat Hartford will probably
give him u good following, nnd Nell) W Presi-
dent bnmucl McMIUnu's fast mare that forced
tiro Wilkes to trot in U' :!'.' last week. Is also
araongthc i. Mnn-ro- e

Salisbury will probnbl) furnish the favorite
forthe',':14 pace In his fast live-- ) ear-ol- d gelding
Duo Hpcrry.nw Inner ntTerre Haute and Chicago,
whoso record of U:10does not seem to beameaaure
of the Cultfeirnlau's amazing speed. Pitted
against htm are Whisper, '':llh. a Hartford
winner: KIlaKddy. 'Jil'J; Foggy, U;initi Ster-
ling. u.Un; H.J. ltiKkwell.U':lUJ,and others.
Sally Hiummis, Arena, UilSVc,, and
Psrhe, ',' Dili, appear to be the best ones of a
Urge firld In the race, ami Dudley
llleott. M'lHtj; Clemiilie li. II IMKVj: Happy
l.ad, --'.'.Hi. and Tom .Medium look like tlio I
contending horses of the ti.'-i-i class. I

The trotting all Is scheduled for JThiiida What promised to be one nf thn
sensational cuutc-t- s of thu Miueiii seems
I.ow tn have narrowed down to 11 duel lie--
twreu the two famous trutters, lxird Clin- -
ton and ltjlaud T. Allx, a 054( Moquette, n
V 10; Azoic. '.'.OOU, Hyhtnd T., M
Clinton. '.'.n?r. and Pamlico, L'elO, inmprlwd H
the original rntr list, but Pumlico Is dead. Mo- - U
eiurttc has been re tired from thu turf on account In
of lameness, AaoIh is soro in addition to
having struck himself lu his race at Terra 'JJUute, and Alix Is very likely tu Im
drawn from the free-for-- all on ai count of H
her spei nil 1 ngagemeiit to trot against time. 4S
'Ihe two remaining trotters aro fust enough to W
mako a fine race, however. Clinton ty
low crcelhls rcc nrd to'J.On a few davs ago lu a W
(Irlvliigionte-s-t nt Lansing, Mich., while H) laud 1
T. timed eeiwratel) in thu record. break Ing
raco won by Allx at Terre Haute, trottedquarter In "I'ri seconds, a half in 1.00U, and a
mile In L':0HH, repealing In a:O04:. Iho Pro-
gression Purso for to- - car-old- s of tint .1 00
clam, and the 'i.'-t-l trotting race complete the
not very preuulslue; programme for lliurselay
iuFrldav' four-rac- e card brings the metlliigto
a close. The '.'till pace, with the sensational
Scste n the-- ) ear-ol- d John II Gentr un tha

llsl of starters. Is llkel) tu lie n hollow, straight
heat attalr, Gentri having lull mnveied fioui
the mishap whirh la-fe- him In his rai rut De-
troit last Jul) . 'Iwn weeks Bgn lice defeated tho
Hamlin crack Hal ilradeii and the champion
four-- ) tar-ol- d Online in - 07V(, ' 07l. and
-:- OHW, winning w ith something tu spare. Major
Wonder. S!:0ltfi, Paul, a.OUH; Turn Weli-ste- r,

Hi, and Dais) de Spain, IV,
are among the other entries. Tho - HI
ela's, trotting, brings together the two fastfillip. lUnelcaf. owned hi Major S. 1
Dickinson of New York, and Kxpresslve, tho
half thopiughbrol thriea- - car-ol- d from the Ma
hie of Monro Sallshurv How-leaf- s last start
was at liartford, where) she mado Alar step In
','.Ufilulutlicr.


